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We are profoundly grateful to Professor Xiao-Li Meng for his characteristically insightful and
inspiring discussion of our work on LAMBDA [Sun et al., 2025a]. As the Founding Editor-
in-Chief of Harvard Data Science Review and a thought leader in data science education
and practice, Professor Meng brings a unique perspective that extends far beyond technical
considerations to encompass the philosophical and educational dimensions of our field. His
concept of “systems thinking” and the proposed “Data Minder” and “Mindware Agents”
represent transformative visions for the future of AI-assisted data science. We address his
key suggestions below.

Our survey on large language model-based agents for statistics and data science [Sun
et al., 2025b] provides the broader context for understanding how systems thinking and edu-
cational considerations are integral to the development of effective AI-assisted data analysis
tools.

1 Systems Thinking for DIY Data Science

Professor Meng draws a compelling analogy between DIY home improvement projects and
DIY data science. He notes that anyone who has undertaken a home improvement project
knows the importance of planning and sequencing every activity in the right order, often
learning costly lessons when oversight occurs. Similarly, many common oversights and mis-
takes in data science can be avoided or mitigated if domain experts and practitioners are
reminded of them in a timely manner and shown examples of good practices or bad conse-
quences.

We wholeheartedly agree with this systems perspective. Carrying out a successful data
project requires what is known in the scientific, engineering, and organizational literature
as systems thinking—a holistic approach that analyzes how a system’s constituent parts
interrelate and how systems evolve over time and within larger contexts. In data science,
such holistic planning and reasoning are essential for producing high-quality, reproducible,
and scientifically valid results.

The LAMBDA system is already a significant step in this direction, especially with its
built-in agentic Inspector and emphasis on permitting human intervention throughout the
process. However, Professor Meng’s discussion inspires us to think more broadly about how
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multi-agent data analysis systems can embody systems thinking at every stage of the data
science workflow.

Future iterations of LAMBDA could incorporate more explicit systems thinking prompts
and checks. For example, before beginning an analysis, the system could prompt users to
consider questions such as: What are the assumptions underlying the planned analysis? How
will missing data be handled? What validation strategies will be employed? How will results
be interpreted in the context of the broader scientific literature?

By embedding these prompts and checks throughout the analysis workflow, LAMBDA
could become not just a tool for executing data analysis but a partner in systems thinking
that helps users avoid common pitfalls and produce higher-quality scientific work.

2 Data Minder: A Vital Agent for Quality Control

Professor Meng introduces the notions of “data minding” and “data confession” from his
earlier work. Data minding is “a stringent quality inspection process that scrutinizes data
conceptualization, data pre-processing, data curation, and data provenance, in addition to
data collection—the traditional focus of our attention—before data analysis.” This concept
is essential for ensuring that analyses are built on a solid foundation.

We are delighted that Professor Meng recognizes the inclusion of a software Inspector in
LAMBDA as a step in the right direction, but he correctly notes that it still reinforces pri-
marily the modeling-and-fitting portion of the data life cycle. Domain experts are arguably
better qualified to engage in data minding—at least for data conceptualization and pre-
processing—since sensible measurement and processing often demand substantive domain
knowledge.

Professor Meng proposes a dedicated data-minding agent, or “Data Minder,” that can
serve both as a reminder and an enabler for domain experts or any users to follow good data
quality practices. Concretely, it should prompt users to go through a data quality checklist
including questions about why data were collected, who conceptualized them; who collected
the data and how; when and where data were collected; and what has been done to the data
since creation.

These questions can prevent fatal mistakes. As Professor Meng illustrates, a study might
analyze the impact of heat-wave warning systems using “the daily count of all causes of
deaths” in a city, yet never question whether these counts were deaths occurred or reported
on that day. Because most heat waves last less than a week while reporting delays can span
days or weeks, this distinction could make the difference between results that are relevant
or fatally misleading.

We are committed to implementing a Data Minder agent in future versions of LAMBDA.
This agent would proactively present a checklist of data-quality questions, encouraging users
to think carefully about data provenance, collection processes, and potential biases. By em-
bedding these nudges into the workflow, data quality assessment becomes a routine, integral
part of the analysis rather than an afterthought.

The Data Minder could also help generate a data confession report documenting “details
on the genealogy of a given body of data, including an account of its deliberations, especially
with respect to sources of adverse influence on data quality.” Such a practice would mark a
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substantive step forward in the quest for scientific replicability.
In essence, having a Data Minder reduces the number of incidences of “garbage in, package

out,” especially as DIY data science becomes widespread. Most profoundly, it reinforces that
data science is about the science of data as much as about using data for science and beyond.

3 Mindware Agents: Augmenting Users’ Data Intelli-

gence

Professor Meng introduces the concept of “Mindware Agents”—tools designed not merely
to generate outputs but to enhance users’ data intelligence. This concept, popularized by
psychologist David Perkins, refers to “rules, knowledge, procedures, and strategies that a
person can retrieve from memory to aid decision making and problem solving.”

Mindware agents should be versatile, performing diagnostic, consultative, educational,
or even therapeutic functions. But unlike super or meta agents, which are task- or product-
oriented, mindware agents are intelligence- or process-oriented. Their primary function is to
help users augment their data intelligence.

We embrace this perspective and aim to design LAMBDA to nudge users toward better
statistical practice. The concept aligns closely with the educational vision of AI agents as
tools that not only execute tasks but also help users learn and grow their capabilities.

Professor Meng provides a comprehensive table of possible agent-based nudging strate-
gies, including smart defaults and pre-sets, adaptive ordering and pruning, prompts and
reminders, contrast framing, progressive disclosure and scaffolding, error or anomaly alerts,
reflection and metacognitive prompts, peer and exemplar nudges, and fading or tapering
nudges. These strategies represent concrete mechanisms through which mindware agents
can enhance users’ data intelligence.

We plan to implement many of these strategies in future versions of LAMBDA. For exam-
ple, before finalizing results, the agent could ask, “Did you check for multicollinearity?” or
“Have you cross-validated?” After completing an analysis, it could prompt, “What assump-
tions did you make? What alternatives could you test?” These prompts would encourage
critical checks, reinforce best analytical practices, and promote deeper reasoning.

The notion of reverse prompting is particularly valuable. Much of the mindware agent’s
activity involves prompting users—whether for diagnostic or evaluative purposes, or as cog-
nitive reinforcers or behavioral nudgers. By embedding these nudges throughout the analysis
workflow, we can help users develop better habits and enhance their data intelligence over
time.

Professor Meng also emphasizes personalization and adaptivity. Agents can tailor nudges
based on user behavior, error patterns, and demonstrated competence, increasing their rel-
evance and effectiveness. As users demonstrate mastery, the agent could gradually reduce
prompts and reminders, encouraging autonomy and preventing overdependence.

This approach draws on the behavioral research on nudging, which shows that small and
well-designed changes in choice architecture can guide individuals toward better decisions
without constraining freedom. Embedding such nudging mechanisms within LAMBDA could
provide a robust framework for enhancing users’ data intelligence at minimal cognitive or
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financial cost.

4 Human-AI Collaboration: The Vision of Amplified

Analysts

Professor Meng articulates a compelling vision of human-AI collaboration: not replacement
but augmentation. The goal of agentic systems like LAMBDA should not be to replace the
human analyst but to enhance them, allowing the human to focus on creative and judgment-
intensive aspects while the AI handles laborious computations and explorations.

This vision aligns with our commitment to maintaining human-in-the-loop design at every
stage of the analysis. However, Professor Meng pushes us to think more deeply about what
this collaboration should look like in practice. How can we design interfaces and interaction
patterns that make AI assistance intuitive and empowering rather than burdensome?

One key insight is that current LLMs are optimized to be passive responders rather
than active collaborators. When faced with ambiguities in the task, they often make silent
assumptions instead of seeking clarification. Future systems should be designed to engage
users in richer, more conversational interactions that clarify intent, surface assumptions, and
present alternatives for human judgment.

Professor Meng’s list of self-check questions, revised from past tense to present tense to
encourage in-process reflection, provides an excellent starting point for the kind of prompts
a mindware agent might generate. These questions cover data collection and pre-processing,
understanding of substantive problems, model assumptions and consistency, principled meth-
ods, approximation analysis, validation and robustness checks, numerical reliability, avoid-
ance of cherry-picking, and ability to explain findings to non-experts.

By implementing these checks through an intelligent agent that times interventions
appropriately—presenting questions at decision points rather than retrospectively—we can
help users produce higher-quality analyses while simultaneously building their data intelli-
gence.

Professor Meng’s call to “wear AI t-shirts” resonates deeply with us. As he notes, we
should embrace AI not as a threat to our discipline but as an opportunity to expand our
impact and relevance. By building widely adoptable and applicable multi-agent systems
like LAMBDA, especially when equipped with mindware agents that enhance data intelli-
gence itself, we can help create a tide that lifts all boats: improving data literacy and data
intelligence at every level.

At its core, statistics is a leader of human intelligence because, as our philosopher friends
remind us, we are applied epistemologists. Let us wear our AI t-shirts not as uniforms of
surrender but as emblems of synthesis—reminding the world that the future of intelligence,
artificial or otherwise, still begins with the human mind.

5 Conclusion

We are deeply grateful to Professor Xiao-Li Meng for his transformative discussion that
extends the vision of LAMBDA far beyond its current implementation. His concepts of
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systems thinking, Data Minder, and Mindware Agents represent profound insights that will
shape our ongoing research agenda.

We are committed to implementing a Data Minder that ensures data quality at every
stage; developing Mindware Agents that enhance users’ data intelligence through intelligent
nudging and prompting; and creating a collaborative human-AI partnership that amplifies
human capabilities rather than replacing them.

Professor Meng’s vision of AI t-shirts as emblems of synthesis captures our aspiration:
to leverage AI not to supplant human expertise but to extend its reach, making high-quality
data science accessible to a broader community while simultaneously raising the overall
standard of practice. Together, we can ensure that the future of intelligence, artificial or
otherwise, begins with and amplifies the human mind.
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